We introduce the notions of positive and copositive types for entanglement witnesses, depending on the distance to the positive part and copositive part. 
I. INTRODUCTION
Quantum entanglement is the key resource for applications to quantum computation and quantum information theory. See Ref. 20 . One of the most important topics in the theory of entanglement is how to distinguish entangled states from separable states. In the early eighties, Choi 5 observed that if a positive ('positive' means 'positive semi-definite') matrix in the tensor product belongs to tensor product of positive parts then its partial transpose must be positive. Since the tensor product of positive parts is just the convex cone generated by separable states, this is equivalent to the PPT criterion which was rediscovered later by 31 and 36. See also Refs. 32 and 33 for approaches to the duality theory which works for an arbitrary mapping cone. Horodecki's criterion tells us that we need positive maps in order to detect entanglement, which has been reformulated in terms of entanglement witnesses 35 . Under the JC isomorphism, an entanglement witness is just a positive linear map which is not completely positive. An entanglement witness which detects a maximal set of entanglement is said to be optimal, as was introduced in Ref. 26 .
In spite of its importance, the whole structure of the convex cone of all positive linear maps is far from being completely understood, and there had even been very few known nontrivial examples of positive linear maps until the eighties. To overcome this difficulty, the idea to consider the line segment from the trace map to a given positive map had been and a given positive map crosses the border of the set of completely positive maps.
We recall that positive maps (respectively completely positive maps) correspond to blockpositive (respectively positive) matrices in M m ⊗ M n under the JC isomorphism, where M n denotes the * -algebra of all n × n matrices over the complex field, with the identity 1 1 n .
We also note that the trace map corresponds to 1 1 m ⊗ 1 1 n . For an entanglement witness 26 , where W Γ denotes the partial transpose of W . Let us recall that a special role is played by the product vectors φ ⊗ ψ that satisfy φ ⊗ ψ| W |φ ⊗ ψ = 0. If these vectors span C m ⊗ C n , we say that W has the spanning property. We say that W is co-optimal (respectively co-spanning) if W Γ is optimal (respectively spanning), bi-optimal if it is both optimal and co-optimal, and bi-spanning similarly.
In order to deal with the SPA conjecture in a systematic way, we introduce the notions of positive type and copositive type for entanglement witnesses in the next section, and
show that if the SPA of an entanglement witness is separable, then the witness must be of copositive type. We also see that 
II. POSITIVE AND COPOSITIVE TYPE.
From now on, we say that a block matrix is copositive if its partial transpose is positive.
Copositive matrices correspond to completely copositive maps under the JC isomorphism.
For a given block-positive matrix W , we consider the line segment L W from 1 1 n ⊗ 1 1 m to W , and compare the distances to the nearest positive matrix and the nearest copositive matrix on L W . We say that W is of positive (resp. copositive) type if the distance to the positive (resp. copositive) part is shorter than or equal to the other. We also say that a block-positive matrix is of PPT type if two distances coincide.
To be precise, we consider self-adjoint matrix 
for every block-positive W , so far as we are concerned with the SPA conjecture.
Since separable states are of PPT, we see that if the SPA conjecture is true then every optimal entanglement witness W must satisfy the following condition
which is weaker than (1), and so satisfies the following equivalent condition 
III. EXAMPLES OF PPT TYPE.
In this section, we exhibit examples of indecomposable entanglement witnesses of PPT type with the bi-spanning property in the sense of Ref. 15 , whose SPAs are not separable.
For nonnegative real numbers a, b, c and −π ≤ θ ≤ π, we consider the following self-
We also put p θ = max{q (θ− 2 3 π) , q θ , q (θ+ 2 3 π) }, where q θ = e iθ + e −iθ . We note that 1 ≤ p θ ≤ 2.
We also see that p θ = 2 if and only if θ = 0, ±2π/3, and p θ = 1 if and only if θ = ±π/3, ±π. 
It is easy to see that W [a, b, c; θ] is of PPT if and only if
holds. We refer to Ref. 16 for the pictures of the 3-dimensional convex bodies determined by (3) and (4) for fixed θ. From now on, we concentrate on the case a < p θ and bc < 1, for which W [a, b, c; θ] is neither positive nor copositive. We have
with a t = 1 − t + ta, b t = 1 − t + tb, and c t = 1 − t + tc. We see that On the other hand, we note that the SPA of W [a, b, c; θ] is given by
We note
is not separable when
that is when W [a, b, c; θ] is of PPT type. We concentrate on the following two subcases:
We note 16 that W [a, b, c; θ] is indecomposable in the above cases; has the bi-spanning property in the case (6) and has the co-spanning property in the case (7). See Ref. 12 and 13 for the case of θ = 0. We also note that condition (5) together with (6) is translated into
and it is easy to see that (ii) There exists a, b and c satisfying (5) and (7) 
entanglement witnesses without the spanning property 16 .
IV. CONCLUSION.
In conclusion, we propose the notions of positive type and copositive type for block- 
